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THE GRAPHICAL TREATNENT O F  CURVES. GO5 
DISCUSSION. 
Mr. WHETHAM said there was one form of membrane 
which is quite periiieable to water, and yet does not allow 
either salts OL' the ions to get through. He referred to the 
free surface of the solution itself. The mater being volatile 
can get out, but the salt cannot. 
Dr. DOXNAN said the author seemed to  have discovered 
things well known ; for instance, the integral V d P  is 
generally taken as proportional to E.M.F. He expressed his 
interest in the explanation of the difficulty in the logarithmic 
for inula. 
Dr. LEHFELDT, in reply, said Goodwin had used the 
integral SVdP, but had not, made any numerical calcul U t' ions 
by means of it, or giveii any satisfactory proof of it, 
XXXVII. Note  071 the Graphical Treatment of Experimental 
Cuvves. By R. A.  LEHFELDT". 
WHEN as the result of experiments n relation between two 
quantities 
has been found, it is soinetimes desirable to calculate froni it 
some other function of m of a kind that iiivolves differen- 
tiating y. The form of the function f being unknown, it is 
necessary to deal directly with the iiuinerical observations, 
or with the curve expressing them. This is often done by 
finding an eiiipirical equation for y =,f(z) and differentiating 
it, but to find a satisfactory empirical equation is not always 
possible ; and if the subsequent treatment involves integration, 
the choice of forms is closely limited by the possibilities of 
the integration. There remains of course the method of 
differentiating the experiineiital curve graphically, by drawing 
tangents; but this should be avoided if i t  is in any way 
possible to do so, because the errors of the experimental curve 
Y =A4 
* Read November 9,1900. 
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are greatly exaggerated in taking its tangents ; and no sub- 
sequent process of integration can smooth out the errors thus 
introduced. 
I n  certain cases the difficulty can be avoided, and a process 
of graphical integration, which can be satisfactorily per- 
formed, substituted for the graphical differentiation. Thus 
if it be required to obtain a quantity 2 such that 
.z 3= j $I (27) f'(.%) nz, 
;= [9(4S(41 -J4"(4 dz-. 
where + is a known function, integrate this expression by 
parts, giving 
Here since 4 (.c) is known, +'(.x) can be calculated : the expe- 
rimental values off(cc) inay tlieu be multiplied by $I'(x), and 
the products plotted n-ith respect to  x as abscissa, and the 
curve so obtained integrated by a p1:iiiiineter. 
It will, homcrer, often happen that +'(z)f(.v) is not suitable 
for accurate plotting. I n  tliis case the independent variable 
must be cliangecl to 4 (2)  = t u ,  say. 
. .  
Then 
,z = [$I(Xlf(4 1 -J (p'(4f(4 
Two examples that inay occur in practice are 
. . . . . .  +(a*) =log s. (i-1 
Then 
dy 
z= J l o g  X&'Ex= [y logx] -Jyd (log 3). 
1 
+ ( . E )  = -. . . . . . .  (ii.) 
L' 
The latter is the case occurring ia the preceding paper (' 011 
Electroinotive Force a i d  Osinotic Pressure." 
Another instance, which 1: did not see how to deal with at 
A PHASE-TURNING APPARATUS. 60 7 
the time, OCCIII'S in my paper '' On the Vapour-Pressure of 
Liquid Mixtures" (Phil. Mag. [ 5 ]  xlvi. p. 61, 1898), where 
the relation 
was to be verified: here x is the molecular fractional com- 
position of a binary liquid mixture. p l ,  p 2  the vapour-pressures 
of the two components. It is sometimes much easier to mea- 
sure one of the vapour-pressures than the other. Suppose 
p l  to be measured, then 
and the numerical solution becomes practicable. 
XXXVIII. O n  a Yhuse-Turning Apparatus for  use with 
Electrostatic Voltmeters. B y  ALBERT CAMPBELL, €?.A.* 
[Abstract.] 
ELECTROSTATIC voltmeters are particularly insensitive a t  the 
lower parts of their ranges, the divisions closing in very 
inuch towards the zero point. When ineasuremeiits of small 
direct-current potential-differences have to be made it is an 
easy matter to  add to the voltage to be ineasured a Anstant 
voltage large enough to bring the deflexion to an open part 
of the scale. If  the small voltage to Le measured is a n  
alternating one i t  is necessary that that the auxiliary voltage 
should alternate with the satne frequency and be in phase 
with it. The apparatus described enables the phase of the 
auxiliary voltage to be turned until it agrees with the one to  
be measured. The phase-difierence referred to is not the 
t h e  lag, Lnt the angle whose cosine is tbe power-factor, and 
* Read Sovember 9, 1900. 
